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In the world of music, the metaphor “the color of music” has been vastly used to 
describe characteristics of sound such as tone quality, pitch, and timbre. Timbre can be 
described as a mixture of frequencies including the fundamental pitch that makes up what 
we hear when music is played by a particular instrument. While this notion that timbre 
evokes different color associations is not necessarily a new idea, research is limited 
outside of experiments based on pitch and other various musical characteristics. This 
study investigated color association solely based on musical instrument differentiation, or 
timbre as well as assessing the level of musical experience and training of each subject 
who participated. Three experiments were utilized including instrument images and 
sounds with the resulting duty of choosing a color on a color wheel. Findings contributed 
to the popular knowledge base of music and the brain by signifying a possible, though not 
well-defined perceptual correlate between musical timbre and color association. Based on 
the results obtained, the scientific vindication and perceptual basis for the continued use 
of the metaphor “the color of music” was tentatively upheld based on individual 
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Timbre is a characteristic of music that contributes to the unique sound of each 
instrument. It is a mixture of frequencies including the fundamental pitch that makes up 
what we hear when music is played by a particular instrument. In the music world, timbre 
is often colloquially referred to as the “color” of music (Schmidt-Jonesd, 2011). Musical 
timbre has been thought to be associated with certain physical colors since Sir Isaac 
Newton. This idea transcended to the late 19th century, where Russian artist Wassily 
Kandinsky used color in a very theoretical way associating color tone with timbre, hue 
with pitch, and saturation with the volume of sound. The artist even claimed to see color 
when sound was played (Pioch 2002). While there is considerable research about pitch, 
intervals, and emotion evoked by music, and their variations concerning association with 
color, much less has been done on timbre (Gumenyuk, Semenova, Sudakov, 2002).  The 
purpose of this research is to discover the possible cognitive and perceptual bases of the 
metaphor the “color” of music. 
The main goal of this project is to attempt to answer the following question: Is 
there a cognitive correlate between musical timbre and color association?  To answer 
this question, we examined whether significant relationships between distinct timbres and 
distinct colors exist. For example, do people consistently associate low timbres (like that 
of a tuba) with bluer colors? In addition, we investigated corresponding neural correlates 
of such associations. Other intentions include the prospect of furthering research 
concerning the anatomical location of where timbre processing takes place, along with a 
possible notable interaction in the brain between visual and auditory processing. This 





to exhibit an interdependence between them. 
Another question we aimed to answer involves the possible difference in response 
to color association based on musical ability. Is there a more marked association with 
participants who are more musically inclined? Do musicians differentiate between 
timbres better and therefore have color associations based more off of instrumental sound 
versus instrumental image? Unsurprisingly, past research has shown that musical training 
leads to an increased sensitivity to musical characteristics such as pitch, rhythm, and most 
notably, timbre. (Vuust, Brattico, Seppanen, Naatenen, Tervaniemi, 2012). According to 
research pertaining to auditory processing, it has been found that when a photograph is 
shown that could imply a certain sound (i.e. a picture of an instrument), the associative 
auditory cortex is activated, though no sound is actually heard. In other words, 
participants in the experiment were able to perceive a sound solely based on a visual 
representation of the sound (Proverbio, D’Anielle, Adorni, Zani, 2011). This crucial point 
illustrates that a form of multi-sensory integration possibly holds validity in the research 
described below.  
 The research plan was to conduct multiple basic experiments including both 
pictures and sounds of instruments and to have subjects provide information about their 
color associations. These experiments attempted to find consistencies in the degree of 
timbre and choice of color and tried to determine how these consistencies are modulated 
by visual or auditory associations. For example, are pictures of instruments more 
consistently associated with specific colors than the sounds those instruments produce?
 It was difficult to predict what results we would obtain. One prediction was that 





the “color” of music is tangibly grounded in perception and cognition. Such a result 
would be significant for both the worlds of neuroscience and music because color-timbre 
associations could succeed in further bridging the gap between the arts and sciences, and 
show interdependency between both fields. Such results could potentially allow us much 
more insight in pinpointing anatomical areas in the brain related to timbre processing, 
along with learning and contributing to the very popular knowledge base of music and the 
brain in general. However, it was also possible that we would discover very weak or 
non-existent color-timbre color associations suggesting that the “color” of music 
metaphor represents a linguistic analogy that is not rooted in basic perceptual and 
cognitive processing. No matter the result, we would still have an answer to our question, 
which was the ultimate goal. 
Literature Review: 
Research concerning musical timbre and color association is limited, but many related 
studies have been conducted including topics such as melody, pitch, timbre imagery, 
intervals and color association, and so on. There are theories connected directly to prior 
research done concerning pitch and chords, and various research have been done on these 
topics, along with studies on music and emotion (Barbiere, Vidal, & Zellner, 2007;  
Hailstone, Omar, Henley, Frost, Kenward, & Warren, 2009; Davies, 2010). Some studies 
surprisingly reach all the way back to the early twentieth century.  
 In order to begin to grasp the effects different musical characteristics can have on 
the brain, it is important to first understand what exactly music is and how it is heard. 
Music, like any sound, is processed through various steps involving the accomplishments 





described as a “perceptual experience,” and can be broken down into vibrations that can 
be produced by any kind of object (Perception 398). This “acoustic energy,” or the 
disturbances the vibrations cause in their environment, becomes the standard sound 
waves that form sound. Once these vibrations have been generated, depending on their 
strength, they can travel through the air into the human ears.  
 The human auditory system can be separated into three different parts: the outer 
ear, middle ear, and inner ear (Figure 1). As vibrations, or sound waves hit the ear, the 
pinna acts as a sort of funnel, and channels the sound further into the ear, by way of the 
auditory canal, where the vibrations then come into contact with the eardrum, also known 
as the tympanic membrane. Once to the middle ear, sound is still in its vibration form, 
and travels to the round, or oval window by way of the three ossicles (malleus, incus, and 
stapes), which are responsible for vibration transfer to the window structure. Once this 
has occurred, the inner ear comes into play. The role of the inner ear is perhaps the most 
involved step in the auditory step, as it involves transduction, which is the process of 
changing sound from the form of vibration or waves to the form of a chemical signal that 
can then be transmitted via neuronal communication. Structures in the inner ear such as 
the cochlea, and more specifically, the basilar membrane and the organ of Corti are what 
make this transduction of sound from vibration to neural impulse happen. Even more 
specifically, hair cells located on the basilar membrane of the organ of Corti are the 
structures that are arguably the most essential in the transduction process, as they are the 
structures most responsible for the transducing step. Once these hair cells bend a little in 
response to the vibrations, electrical exchange occurs that eventually causes the release of 






Figure 1: Anatomy of the Ear 
 Different aspects of sound include amplitude and frequency. These two 
characteristics of sound are responsible for varying sound waves. For example, several 
possible combinations are shown in Figure 2. 
 





Amplitude is a characteristic of sound that is measured by the amount of air 
pressure, or energy the sound is generating. In other words, the higher the amplitude of a 
sound, the greater volume or intensity. This can be physically represented above by the 
high amplitude wave, which is oscillating with much greater difference in air pressure 
change, which makes the resulting sound hear much louder.  If a sound is considered to 
be occurring at a high frequency, it is registered at a very high level in terms of the pitch 
that is heard (measured in Hertz). When music is heard, pitch and frequency are not 
exactly interchangeable, as pitch is not only the fundamental frequency of a certain note, 
but also the sum of the harmonics related to the fundamental.        
Harmonics are complex entities of sound, as they are multiples of the fundamental 
frequency, or the lowest pitch heard. In other words, with the increase of harmonic 
number (fundamental frequency = 1), the increase of frequency also occurs. A depiction 
of this phenomenon is shown in Figure 3. 
 





According to Figure 3, the first harmonic is played, and the second harmonic doubles in 
frequency, the third triples, and so on. This sum of harmonics, which is unique for each 
instrument, is defined as the timbre of a sound. In other words, the difference in harmonic 
strength for each sound gives the sound its own characteristic “color” or timbre (Wave, 
Sound, and Music).  
Melody 
Melody can be described as one of the most basic elements of music. A melody is a series 
of notes strung together in order to form one line that distinctly sticks out from the others. 
The motion of melody is a crucial characteristic that can be responsible for evoking 
emotion, and in music, is the assembly of various tones and intervals to form something 
pleasing or interesting to the human ear (Schmidt-Jonesb 2011). Though described as a 
basic element of music, melody is very multi-faceted, and many experiments have been 
dedicated to ultimately provide a universal definition for the term. One compilation 
concerning experiments on melody addresses the many characterizations of music 
including duration, intensity, and color (Bingham 1910). Various experiments were 
conducted, one of which included playing two stimuli to subjects, one classified as a 
“non-melody” and the other a “melody.” Subjects were presented with both types of 
stimuli and had the resulting task of differentiating between the two stimuli. Subjects 
were able to distinguish between “melody” and “non-melody” independent of musical 
ability. Overall, the “non-melody” stimulus was said to have no unity or consistency, 
which then became a major part in describing the term. Though not much was known 
concerning the quantitative effects timbre can have, timbre had already been addressed as  





designates as tone-color or timbre, I have called by the usual psychological terms, 
clang-color, or briefly, color” (Bingham 1910). This is one of the first studies that 
recorded timbre as interchangeable with the term “color.”   
Pitch 
Pitch is a musical aspect of sound that is related in closest conjunction to timbre. The 
pitch of a note is how high or low the sound is, which depends on the frequency of the 
fundamental sound wave. The frequency of a sound wave is inversely proportional to its 
wavelength, so the higher the frequency, the shorter its wavelength, and as a result, the 
higher the pitch (Schmidt-Jonesc 2011). In 1989, a study took place measuring the ability 
for people with no measured musical knowledge to distinguish the timbre of different 
instruments independent of pitch. This experiment was conducted by having subjects 
attempt to differentiate between two sounds that were either matching or non-matching 
timbres. Pitch was kept constant in these cases, so the ability to differentiate the different 
instruments was not based on the frequency of the tone generated (Crowder). This 
experiment showed that pitch is a potentially crucial confound when experimenting with 
the effects of timbre, and researchers knew to account for the importance of pitch 
constancy when focusing on other musical characteristics decades ago.  
 In 1983, a study was conducted measuring the ability of college music majors 
possessing absolute pitch to be consistent in tone-color responses compared to college 
music majors possessing good relative pitch. It was hypothesized that the musicians with 
absolute pitch (the ability to distinguish any pitch no matter the frequency) would have a 
higher consistency of tone-color response. Tests consisted of recordings of 12 semi-tones 





wheel after each sound. Based on the difference of pitch, the perfect pitch students were 
much more consistent in their color choice than the students with relatively good pitch 
(Block 1983). This experiment showed that pitch is an important variable in terms of 
color association, and in order to test solely for the effects of timbre, pitch much be kept 
constant. For this reason, each instrument in our experiment will play the same pitch.  
Timbre 
 Because the ability to differentiate musical timbre seems independent of musical 
ability, studies have been conducted with children to see if differentiation is innate. 
Firstly, one past study included children from the ages of 3-5 consisted of testing them 
for the ability to discriminate between two different timbres, and then the ability to 
predict the sound that would result in combining the two sounds (Serafine 1981). Another 
study included testing children’s ability to determine whether intervals were “pretty” or 
“ugly.” Though results were refined when high schoolers were tested compared to 
kindergartners, results were still significant in terms of major intervals being consistently 
considered as “pretty” and minor intervals “ugly” (Dashiell 1917).  This experiment 
shows that musical ability along with age does not ultimately matter in the ability to 
discriminate between the sounds of different instruments, or timbre. 
 Timbre is considered multidimensional in terms of sound.  For example, each 
time a violin plays a note, it will sound different from a flute playing a different note at 
the same pitch.  Timbre is built based on not only the fundamental frequency, which is 
the pitch we hear, but also the multiple harmonics that contribute to the overall sound the 
auditory system perceives (Schmidt-Jonesa, 2011).  Figure 4 (shown below) depicts a 





violin. With frequency in Hertz on the x-axis, and relative amplitude on the y-axis, the 
differences in timbre are visible as peaks of both amount (frequency) and height 
(amplitude) differ between the three instruments exhibited. 
 
Figure 4: Differences in Timbre across Instruments 
Past studies have shown the fundamental is independent of timbre, so the various 
additional harmonics of each sound are crucial to what makes each instrument so distinct 
from each other and easily differentiated to the human ear, no matter what their musical 
background is (Marozeau, de Cheveigne, McAdams, and Winsberg, 2003; Haden, 
Stefanics, Vestergaard, Denham, Sziller, and Winkler, 2009).  The multidimensionality 
of timbre is so complex then, that neuromechanisms in timbre processing must be 
multifaceted as well (Reiterer, Erb, Grodd, and Wildgruber, 2008).  
Though some research has been done on pitch and color association, as well as 





color association. This past research is very helpful in solidifying what has been already 
been accomplished, and also keeps the door open for the research we plan to conduct, 
that as far as we know, is novel and could mean much for learning about possible neural 
perceptual correlates related to timbre processing and color association. 
Experimentation: 
Visual and Auditory Surveys 
Participants for experiments described below consisted of University of Nevada, Reno 
students of ages ranging from 18-34 years. A total of eighteen people were tested, with 
five people participating in all three experiments and two people participating in two 
experiments. All other participated in only one experiment. Musical ability was initially 
considered a random variable, but was generally measured through the utilization of two 
surveys, for potential post-hoc purposes. Sample pictures from the actual experiment 
were included in the survey in order to determine the level at which each student could 
differentiate instruments based on sight. Questions addressed the level of musical 
knowledge and ability to differentiate instruments both visually and aurally (Appendix 
A). 
The visual survey was given to all eighteen participants once independent of 
whether they participated in experiments 1, 2, or 3, or all three. Each experiment is 
discussed in detail in the next section. Aside from the visually based survey, an 
auditory-based survey was generated utilizing various sound files of instruments and 
pictures from experiments 1-3. This survey consisted of 24 sounds (trials) administered to 
each participant with a resulting choice of three instruments. Each trial varied in 





trumpet sound contains a trumpet, trombone, and French horn picture choice, all in the 
brass category), to instrument choices in three different categories such as an oboe sound 
resulting in a woodwind, brass, and percussion choice. Presumably, the higher the score 
of this auditory survey, the more musically knowledgeable the participant, which in turn, 
could influence certain outcomes or correlations in the experiments. Examples of two 
auditory survey trials are shown below in Figure 5 and 6. Figure 5 is an example of an 
auditory survey trial that would be considered relatively easy due to the choice of 
instruments. The figure represents three instrumental categories (brass, woodwind, and 
percussion), which means that the timbre of each instrument choice differs greatly and 
should result in an increased ability to differentiate, independent of musical ability. 
Figure 6, however, represents a much more difficult trial, as each instrument choice is 
from the same instrumental category (brass). Therefore, when a sound stimulus is 
presented, the choice is much harder as the timbre of each choice is less distinguishable 
from one another. The range of difficulty per trial served the purpose of giving musical 





Figure 5: Sound stimulus results in choice of three instruments. This example 




Figure 6: Sound stimulus results in choice of three instruments: This example 







Stimuli for the experiments were generated and presented to subjects using a Macintosh® 
monitor and computer software package MATLAB®.  In the visually based experiment, 
pictures of instruments were presented in random order and subjects were asked to report 
the color they most strongly associated with the instrument. There were ten subjects in 
this experiment, with ages ranging from 21-34. Instruments were divided into four 
categories as follows: woodwinds, brass, strings, and percussion. Each category then 
included five different instruments and each instrument included five distinct exemplars, 
each taken at a different orientation. The number of trials for each participant, then, was 
100. Each separate picture was found by Google Images, and was resized to 800 by 600 
pixels. The pictures all were then converted to grayscale using Adobe PhotoShop® and 
were saved at maximum quality and optimal resolution. Having five exemplars of 
different orientation per instrument along with converting each image to grayscale 
eliminated any color association that would have been due to the physical color of the 
instrument itself as well as having orientation of the instrument causing color association 










Woodwinds Brass Strings Percussion 
Bassoon Baritone Cello Bells 
Clarinet French Horn Guitar Marimba 
Flute Sousaphone Harp Snare Drum 
Oboe Trombone Stand-Up Bass Timpani Drums 
Saxophone Trumpet Violin Triangle 
 
 
Instruments were chosen based on the wide range of timbre each generates. For example, 
in the brass category, the timbre of a French horn compared to that of a sousaphone is 
very distinct, and will presumably increase the range of choice in color.  
 Each instrument picture was presented superimposed on an interactive color 
wheel that allowed the subject to click on the first color they thought of. The participants 
were given as much time as was needed in order to choose a color, and no time limit was 
given for the experiment completion. The reported color and location of the mouse click 
on the screen was stored for each image for subsequent analysis. An example of an 






Figure 7: Grayscale clarinet image superimposed on interactive color wheel 
Results 
Once each subject’s color choices per trial were recorded, results were measured 
quantitatively by taking the angle of each mouse click and comparing the average with 
the overall (average) angle of either exemplars, subcategory, or category. For example, 
Figure 8 depicts the average consistency (similar angles) of each instrument utilized in 
the experiment. The x-axis shows the instruments broken up into their respective 
categories, while the y-axis depicts the ratio of the standard deviations of exemplars from 
the average of angles of exemplars (individual instruments) to the standard deviation of 
average of angles of the rest of the mouse clicks (all subcategories or individual 
instruments). As long as the ratio (y-axis value) is less than one, this means there is more 
consistency or “clumping” across exemplars compared to the measured consistency or 





instrument in the Visual Experiment was significantly associated with a color (though not 
necessarily the same color across subjects). Significance is depicted by the stars above 
each bar. The category naming system is given below in order to determine which 
instruments correspond with each bar. For example, The woodwind category is the first 
set of bars (instrumental category #1), and then the individual bars are the subcategories 



























Figure 8: Exemplar Consistency Measure Visual Experiment: Instrumental categories 
are depicted as 1-4 on the x-axis (woodwind, brass, strings, and percussion). Each set of 5 
bars resembles each instrument per category in alphabetical order (ex: category 1 
instruments: bassoon, clarinet, flute, oboe, and saxophone). The closer the bars are to 
zero, the more consistent or “clumped” the exemplars are per subcategory. This is the 
average or mean exemplar consistency for all ten subjects for Experiment 1.  
 






















the mouse click angle position averages and comparing to a ratio. This figure, however, 
differs from Figure 8 as it is a measure of the consistency of the subcategory (individual 
instrument) color associations compared to the consistency of other subcategories’ 
consistencies. If the computed values are below one, the color associations per individual 
instrument or subcategory are said to be statistically significant. Significance is shown by 
stars above each bar. Instruments such as the triangle and guitar are closely associated, 
whereas instruments such as the baritone and French horn as much less closely 



























Figure 9: Subcategory Consistency Measure Relative to Other Subcategories Visual 
Experiment: Instrumental categories are depicted as 1-4 on the x-axis (woodwind, brass, 
strings, and percussion). Each set of 5 bars resembles each instrument per category in 
alphabetical order (ex: category 1 instruments: bassoon, clarinet, flute, oboe, and 






















subcategories are relative to the other subcategories in its category.  
 
Figure 10 represents another ratio measuring the consistency of mouse clicks. More 
specifically, the y-axis depicts the ratio of the standard deviation of an entire category 
compared to the standard deviation of the other categories. Ratios less than one show that 
the specific category’s consistency in color association is greater than the overall 
consistency in color association of all the other categories. Category 2 (brass instruments) 
was found to be very consistent and Category 3 (stringed instruments) was found to be 
markedly consistent as well. Categories 1 and 4 (woodwind and percussion instruments) 
were found to both have ratios under one, but were not statistically significant. 
 
Figure 10: Category Relative to Other Category Measure Experiment 1: 
Instrumental categories are depicted as 1-4 on the x-axis (woodwind, brass, strings, and 

































A second experiment included only standardized auditory stimuli as opposed to an 
instrument image, then the interactive color wheel. Ten participants, ages 18-26, were 
subjected to one note of an instrument being played, and Logic Studio® Software was 
utilized in order to generate a completely pure and accurate tone. Apart from the timbre 
being standardized, pitch must be eliminated as a possible confound, so every 
instrumental sound was recorded playing the same pitch, or note. Though ranges of the 
instruments in the experiment vary greatly, the same note can be played, and at different 
octaves when needed. The pitch that was chosen is the note, C. Instruments in the lower 
register (i.e. lower/deeper timbre), such as bassoon, stand-up bass, and sousaphone were 
recorded playing the note C3. This note was chosen for the following list of instruments: 
bassoon, sousaphone, stand-up bass, and timpani. Instruments recorded with the note C4, 
an octave higher, were as follows: clarinet, saxophone, baritone, trombone, cello, and 
guitar. Instruments recorded an octave higher than that, C5, included the oboe, French 
horn, trumpet, harp, bells, marimba, and triangle. The instruments recorded on the note, 
C6 were the flute and violin. Lastly, the snare drum was recorded based not on the pitch 
of the sound, but on length of the hit on the drum, as the tone of a snare drum cannot be 
tuned to a specific pitch. Sound files were recorded by sample instruments in the program 
and the resulting sounds were each approximately three seconds in duration. These 
sounds are standardized musician recordings, which means the timbre of each sound is 





eliminated confound variables that are almost inevitable with typical musician 
recordings. These are due to the fact that every musician plays their instrument uniquely 
and generates a completely distinct tone, and these differences could cause inaccurate 
results; therefore, proper standardization of musical timbre is required. One sound was 
recorded per instrument, and was played five times each at random, totaling 100 trials per 
participant. 
Results 
Just as in the Visual Experiment, once each subject’s color choices per trial were 
recorded, results were measured quantitatively by taking the angle position of each 
mouse click and comparing the average with the average angle of either exemplars, 
subcategory, or category. Figure 11 depicts the average consistency (similar angles) of 
each instrument utilized in the experiment. The x-axis shows the instruments broken up 
into their respective categories, while the y-axis depicts the ratio of the standard 
deviations of exemplars from the average of angles of exemplars (individual instruments) 
to the standard deviation of average of angles of the rest of the mouse clicks (all 
subcategories or individual instruments). Again, as long as the ratio (y-axis value) is less 
than one, this means there is more consistency or “clumping” across exemplars compared 
to the measured consistency or “clumping” of the entire set of mouse clicks. In other 
words, this shows that every instrument in the Auditory Experiment was significantly 
associated with a color (though not necessarily the same color across subjects), though 
overall less significant compared to the Visual Experiment results. Significance is 
depicted by the stars above each bar. As can be seen in Figure 11, instruments such as the 
































Figure 11: Exemplar Consistency Measure Experiment 2: Instrumental categories are 
depicted as 1-4 on the x-axis (woodwind, brass, strings, and percussion). Each set of 5 
bars resembles each instrument per category in alphabetical order (ex: category 1 
instruments: bassoon, clarinet, flute, oboe, and saxophone). The closer the bars are to 
zero, the more consistent or “clumped” the exemplars are per subcategory. This is the 
average or mean exemplar consistency for all ten subjects for Experiment 2. 
 
Figure 12 represents a similar ratio measure after once again taking the standard 
deviations of the mouse click angle position averages and comparing to a ratio. This 
figure, however, differs from Figure 11 as it is a measure of the consistency of the 
subcategory (individual instrument) color associations compared to the consistency of 
other subcategories’ consistencies. If the computed values are below one, the color 






















significant. Instruments such as the violin and oboe are closely associated, whereas 




























Figure 12: Subcategory Consistency Measure Relative to Other Subcategories 
Experiment 2: Instrumental categories are depicted as 1-4 on the x-axis (woodwind, 
brass, strings, and percussion). Each set of 5 bars resembles each instrument per category 
in alphabetical order (ex: category 1 instruments: bassoon, clarinet, flute, oboe, and 
saxophone). The closer the bars are to zero, the more consistent or “clumped” the 
subcategories are relative to the other subcategories in its category.  
 
Figure 13 represents another ratio measuring the consistency of mouse clicks. More 
specifically, the y-axis depicts the ratio of the standard deviation of an entire category 
compared to the standard deviation of the other categories. Ratios less than one show that 






















consistency in color association of all the other categories. Category 2 (brass instruments) 
was found to be very consistent and Category 1 (woodwind instruments) was found to be 
markedly consistent as well. Categories 3 and 4 (stringed and percussion instruments) 
were found to have values, or ratios over one, and were found to not be statistically 
significant. 
 
Figure 13: Category Relative to Other Category Measure Experiment 2: 
Instrumental categories are depicted as 1-4 on the x-axis (woodwind, brass, strings, and 
percussion. The closer the bars are to zero, the more consistent or “clumped” the specific 

































Auditory and Visual Experiment 
Methodology 
The third and last experiment was similar to both experiments 1 and 2, as both 
visual and auditory stimuli were utilized. This experiment consisted of the grayscale 
instrument images from experiment 1 being shown, but at the same time, also included 
the standardized sound from experiment 2 being played. The participants were instructed 
to complete the same task based on both types of stimuli, and were asked to click on the 
first color they thought of once both the picture had been shown and the sound had been 
played. The sounds were once again approximately three seconds in duration, and the 
corresponding image was displayed simultaneously. Once the sound had been played, the 
instrument image remained superimposed on the color wheel until the participants mouse 
clicked on a color. The number of trials was 100, with 20 different sounds played five 
times each based on the instrument exemplar.  
Results 
Just as in the Visual Experiment and the Auditory Experiment, once each subject’s color 
choices per trial were recorded, results were measured quantitatively by taking the angle 
position of each mouse click and comparing the average with the average angle of either 
exemplars, subcategory, or category. Figure 14 depicts the average consistency (similar 
angles) of each instrument utilized in the experiment. The x-axis shows the instruments 
broken up into their respective categories, while the y-axis depicts the ratio of the 
standard deviations of exemplars from the average of angles of exemplars (individual 
instruments) to the standard deviation of average of angles of the rest of the mouse clicks 





less than one, this means there is more consistency or “clumping” across exemplars 
compared to the measured consistency or “clumping” of the entire set of mouse clicks. In 
other words, this shows that every instrument in the Visual and Auditory Experiment was 
significantly associated with a color (though not necessarily the same color across 
subjects). Significance is depicted by the stars above each bar. As can be seen in Figure 
14, instruments such as the violin and guitar were very consistent in color association, 




























Figure 14: Exemplar Consistency Measure Experiment 3: Instrumental categories are 
depicted as 1-4 on the x-axis (woodwind, brass, strings, and percussion). Each set of 5 
bars resembles each instrument per category in alphabetical order (ex: category 1 
instruments: bassoon, clarinet, flute, oboe, and saxophone). The closer the bars are to 






















average or mean exemplar consistency for all ten subjects for Experiment 3. 
 
Figure 15 represents a similar ratio measure after once again taking the standard 
deviations of the mouse click angle position averages and comparing to a ratio. This 
figure, however, differs from Figure 14 as it is a measure of the consistency of the 
subcategory (individual instrument) color associations compared to the consistency of 
other subcategories’ consistencies. If the computed values are below one, the color 
associations per individual instrument or subcategory are said to be statistically 
significant. Instruments such as the timpani drum and triangle are closely associated, 
whereas instruments such as the harp and bassoon as much less closely associated, 















































Figure 15: Subcategory Consistency Measure Relative to Other Subcategories 
Experiment 3: Instrumental categories are depicted as 1-4 on the x-axis (woodwind, 
brass, strings, and percussion). Each set of 5 bars resembles each instrument per category 
in alphabetical order (ex: category 1 instruments: bassoon, clarinet, flute, oboe, and 
saxophone). The closer the bars are to zero, the more consistent or “clumped” the 
subcategories are relative to the other subcategories in its category.  
 
 
Figure 16 represents another ratio measuring the consistency of mouse clicks. More 
specifically, the y-axis depicts the ratio of the standard deviation of an entire category 
compared to the standard deviation of the other categories. Ratios less than one show that 
the specific category’s consistency in color association is greater than the overall 
consistency in color association of all the other categories. Category 2 (brass instruments) 
was found to be very consistent and Category 3 (stringed instruments) was found to be 
markedly consistent as well. Categories 1 and 4 (woodwind and percussion instruments) 
were also found to be significantly associated or “clumped.” Significance is shown by 






Figure 16: Category Relative to Other Category Measure Experiment 3: 
Instrumental categories are depicted as 1-4 on the x-axis (woodwind, brass, strings, and 
percussion. The closer the bars are to zero, the more consistent or “clumped” the specific 
category is relative to other categories. 
 
Data Analysis: 
Individual Subject Focus 
Subject 7 
Since experimenting with music is known to be very difficult because of its 
ability to evoke such different responses from each individual based on experience, 
education, and emotion, data were also broken up by subject, and a few significant results 
across experiments are exhibited below. Subject 7 was chosen for individual focus 





























The visual survey of Subject 7 (age 21) showed that though the subject did not 
consider herself a musician, nor had she been musically trained in any structured 
educational setting, she did, in fact, contain musical knowledge in terms of instrument 
identification. In the first experiment, this subject was found to have very evident color 
associations based on instrumental category. A circular graph of color choices (mouse 
clicks) for Visual Experiment is shown below in Figure 17. 
Figure 17 exhibits color choices, where the coordinates (0, 0) are the center of the 
color wheel. For example, the blue dots, or the brass instruments, were all chosen to be 
associated with the region of the color yellow. The red dots, or the stringed instruments, 











Figure 17: Subject 7 Visual Experiment 
 
 Subject 7 did not identify as a musician, nor did she mention any musical training 
throughout her life. However, results of the Visual Experiment show a distinct and highly 
significant color association by instrumental category as well as individual instrument 
grouping as well. These results are intriguing since no sound stimuli was given for Visual 
Experiment, and color choices were based off of the gray scale instrument images alone. 
This could then be explained by the possibility that Subject 7 simply related colors to 
each instrument based on the typical physical color of each instrument. However, though 
the brass instruments are grouped into the yellow-orange area on the color graph (i.e. 
similar to typical physical color of instrument), the stringed instruments are grouped 

























results from Visual Experiment, Subject 7 did not choose colors based strictly on the 
typical physical color of the instrument, but something more. Perhaps she saw each 
instrument, thought about the sound each made, and made a color choice based on the 
timbre of each instrument. It is also possible that she was shown an instrument and 
randomly chose a color for each instrumental category or subcategory, but then 
remembered what color she had chosen, and so similar association was based not on the 
properties of the instrument, but simply on memory of what color had been chosen prior. 
The possibilities of such thought processes are endless, but it is important to realize that 
no matter what Subject 7 was thinking, she associated something about the instrument to 
a certain color that was not solely based on physical color of the particular instrument, 
and this in itself is quite interesting to consider.  
 In Auditory Experiment, where only a sound of each instrument was played with 
no visual stimulation, Subject 7 was still found to have a significant color association 
with each instrumental category except for the percussion category. Associations were 
not found to be as tight or “clumped” as in Visual Experiment. This result can be 
explained by a variety of possibilities. For one, it is possible that since Subject 7 was not 
musically trained, it was difficult to tell which instrument was being played so results 
became less significant because no visual stimuli was present. A color graph of Auditory 



















Figure 18: Subject 7 Auditory Experiment 
This graph is very intriguing because not only are the results less “clumpy” 
compared to Visual Experiment, but they also vary considerably in terms of color 
association. For example, the brass instruments, or blue dots, were found to be in the 
yellow area in Experiment 1. The majority of the brass instruments in Experiment 2, 
however, were associated with the light blue area on the color wheel. Though there are 
some similarities in color association between the two color graphs, sound stimuli caused 
to produce a very different set of results compared to visual stimuli in general. This could 
be because instead of showing subjects pictures of instruments that alluded to certain 
auditory stimuli, actual auditory stimuli were played. This alteration then could have 





















Subject 7’s results in Visual and Auditory Experiment are exhibited in a color graph in 
Figure 19. 
 
Figure 19: Subject 7 Visual and Auditory Experiment 
Interestingly, Figure 19 can be seen as sort of a mixture of Subject 7’s Experiment 
1 and 2 results. Once the visual stimuli were reintroduced along with the auditory stimuli, 
associations seemed to tighten up once again.  
The calculations done across each experiment were also done per subject, so for 
each experiment, Subject 7’s individual results are represented below in three bar graph 
representations of the instrumental category associations for each experiment (Figures 





















standard deviations between the average angle position of a specific category and the 
average angle position of all the other categories. Subject 7 was found to have extremely 
significant color associations across all instrumental categories. Figure 21 depicts the 
results obtained in the Auditory Experiment, where significance was still present, but not 
nearly as intensely. The percussion category associations were found to not be 
significant, and perhaps this is because the percussion sounds varied so widely. For 
example, a timpani drum sounds very different compared to a triangle. All other 
categories were still statistically significant in the second experiment, but it was shown 
that associations decreased for Subject 7 when auditory stimuli were given instead of 
visual. Results from the Visual and Auditory Experiment are shown in Figure 22, where 
significance was present across all instrumental categories. Percussion was still the least 
significant category, most likely due to differences in timbre, and the other three 


































































Figure 22: Visual and Auditory Experiment Instrumental Category Results, Subject 
7  
These results show that when visual stimuli were presented, Subject 7 made more 
significant color associations than when only auditory stimuli were utilized. Perhaps 
associations were strengthened when visual stimuli were presented because Subject 7 did 
not have prior musical experience, and so had no auditory training. She then could have 
used whatever sense was stronger, and in this case, it was visually based. The Visual and 
Auditory Experiment results show that even when associations were very strong, there 






























The second individual subject focus was placed on Subject 10. Subject 10 was chosen in 
order to show a more “typical” response in terms of color associations compared to 
Subject 7. Subject 10 had broad musical experience and played various instruments. He 
was 24 years old. His raw data results from the Visual Experiment are depicted in Figure 
23. As can be seen from the figure, significant “clumping” occurred between the brass 
category, as the blue dots (mouse clicks for brass trials) are grouped pretty closely in one 
area of the circle graph. The percussion trials (green dots) seem to be much less 
consistent in color choice as they are spread out across the entire circle graph. Overall, 
the Visual Experiment evoked marked color associations for Subject 10 but not nearly as 




















Figure 23: Subject 10 Visual Experiment  
In the Auditory Experiment, Subject 10 had a visible decrease in consistency or 
“clumping” concerning color association compared to the first experiment. Brass 
instruments (blue dots) are still visible in the same general area as before, but are less 
significantly clumped together. The woodwind instruments (black dots) are also still in 
the same general area, but once again, the associations or groupings are less obvious.  
 
 
Figure 24: Subject 10 Auditory Experiment 
In the Visual and Auditory Experiment, Subject 10 was found to have better color 




















Experiment. This can be seen in the color graph in Figure 25. The brass instrument trials 
(blue dots) are now seemingly much more scattered across the entire color graph, and 
from looking at the raw data, it seems the other three categories are more scattered as 
well.   
 
Figure 25: Subject 10 Visual and Auditory Experiment 
Though the raw data is interesting to view and think about, more computation is 
necessary in order to analyze the results obtained. Just as with Subject 7, individual 
averages of angle positions across categories and standard deviations were computed in 
order to graph the results in a quantitative representation. Figure 26 shows the results of 
the Visual Experiment, where every category was found to have significant color 




















explained by the fact that Subject 10 had written on his visual survey that he played both 
stringed and percussion instruments. Since he did not have as much familiarity with the 
sound of woodwind and brass instruments, he could have strengthened his associations 
for these two categories because the experiment was visually based.  
 
Figure 26: Visual Experiment Instrumental Category Results, Subject 10  
In the Auditory Experiment (shown in Figure 27), Subject 10 was found to have similar 
color association consistency as in the Visual Experiment, but much less “clumping” in 
the percussion category. This could possibly be explained by the fact that the timbre of 
percussion instruments differed greatly and when just pictures are shown, similarities 































Figure 27: Auditory Experiment Instrumental Category Results, Subject 10 
In the Visual and Auditory Experiment (Figure 28), Subject 10 was found to have 
significant color association consistencies in each category, with the most significant 
being in the stringed instrument category. Associations in both the woodwind and brass 
categories decreased by a large amount, while the percussion category increased pretty 
largely compared to results from the Auditory Experiment. The decreases in color 
associations could be explained by possible confusion by having both types of stimuli 






























of overstimulation for Subject 10, it also could have been helpful for him in increasing 
color association for the percussion category, since the association/consistency increased.  
 
Figure 28: Visual and Auditory Experiment Instrumental Category Results, Subject 
10 
Comparison across Experiments: 
A comparison across all three experiments using a two-way ANOVA (analysis of 
variance) was utilized in order to measure the significance in both the interaction between 
category differences and effectiveness between experiments. In Table 1 (page 55), the 
significance between instrumental category differences were measured. When F(3,81) = 






























that a point at random would be placed above 9.738 is significantly close to zero. This 
signifies that the effect of category difference is not random, meaning there is a statistical 
basis to color associations by instrumental category. The interaction between categories 
was also calculated to be F(6,81) = 1.522, p = .181, which is not a significant interaction 
(p<.05). This means that although there are significant differences between the 
instrumental categories, there is not a significant interaction between category based on 
experiment number based on the statistical data. Table 2 (page 56) compares the 
differences in all three experiments, or a measure of the effect experiment number had on 
results. It was found that F(2,27) = 1.499, p = .241. These results were not significantly 
different from one experiment to the next. In other words, color associations did not 
increase based on visual, auditory, or both stimuli.  
Musical Experience: 
Musical experience played a part in the level of color association. Based on the scores 
obtained from the auditory survey, a correlational study was done using the overall color 







Figure 29: Correlational Analysis of Musical Experience and Color Association, 
Visual Experiment 
 























Figure 30: Correlational Analysis of Musical Experience and Color Association, 
Auditory Experiment 
 























Figure 31: Correlational Analysis of Musical Experience and Color Association, 
Visual and Auditory Experiment 
 
In the Visual Experiment (Figure 29), seven subjects completed the auditory 
survey and the range of scores was 16-22 out of 24 trials. As predicted, the higher the 
score on the auditory survey, the more significant of a color association was made (value 
closer to zero). In other words, a correlation with increasing musical experience and 
increasing color association was found to be present. With an r-value of -0.4585 and a 
p-value of 0.3008, statistical significance was not reached in experiment 1, but a definite 
trend can be seen. The Auditory Experiment was found to be similar in Figure 30, with 
the data of ten subjects resulting in a similar negative correlation. (r-value = -0.4086, 






















p-value = 0.2411). Though this also was not found to be statistically significant, the same 
trend exists that is seen in the Visual Experiment. Lastly, the Visual and Auditory 
Experiment shows the same type of trend with an r-value of -0.5371 and a p-value of 
0.1094, based on the information of ten subjects (Figure 31). Once again, results are not 
statistically significant, but a trend based on the increase of musical experience and the 
increase of color association exists. 
 
Figure 32: Correlational Analysis of Musical Experience and Color Association for 
Experiments 1-3 
 
Figure 32 is an overall depiction of musical experience and color association for 
all three experiments. The r-value was found to be -0.3368 and a p-value of 0.0858. This 
shows that as the number of subjects increases, the level of significance increases as well. 

















     






The processing of timbre is a research topic that is not fully understood. This 
characteristic of music is difficult to isolate in terms of experimentation, and once 
isolation has been accomplished, it is then hard to remove all confounding variables. For 
example, though a definite color association of some type was found in each subject 
individually and across subjects collectively, the reason for such color associations may 
not be because of timbre alone. Memory, for example, may have played a crucial role in 
the experimentation process, and could have been the chief cause in such significant color 
association. Emotion could have played a defining role in the color choosing process as 
well, simply choosing “favorites” based on personal color preferences. Despite these 
possibilities that associations were found independent of timbre and not because of 
timbre, these confounds should be tested. A possible experiment testing for memory 
could involve a separate memory task, and then the same visual/auditory stimuli and 
color choice task would follow. Since memory would be focused on the “detractor” task, 
color associations could then be analyzed independent of memory. A way to test for 
emotion would be to ask for favorite and least favorite colors on a simple color survey 
prior to the color association task, and then a correlational study could be assessed to 
determine if subjects chose colors based on personal preference.  
Another possible confound that could have caused certain results was that while 
the auditory stimuli contained a specific and limited time frame of three seconds, there 
was no limitation for the visual stimuli. Since the results of the Visual Experiment are 
more statistically significant than the results of the Auditory Experiment, this could be 






The choice of instruments for the experiments was made based on prior 
experience and knowledge of typical instruments in various musical settings. If this set of 
experiments were to be repeated, a perhaps better way of choosing instruments would be 
to use a controlled random generator. In other words, a list of all the instruments in all 
four instrumental categories could be listed, and then would be chosen at random. More 
instruments could also be utilized, and similar to the fact that a larger subject size is 
always desired, use of the most instruments possible could also conclude with better or 
more accurate results.  
Though statistical analysis did not explicitly show that timbre evokes certain color 
associations, results were not random. In other words, there was some characteristic or 
thought process that caused marked consistencies in each individual that could be 
narrowed down and possibly defined by further timbre research. Further research should 
include much larger sample sizes so as to get a more accurate representation of the effects 
timbre may have on color association.  
Future Implications: 
Further experimentation in musical timbre should include both experiments 
involving memory and emotion in order to narrow down the cause of color associations 
found. One possible method to test for memory causing such associations could be as 
simple as bringing all the subjects used in Experiments 1-3 and retesting them. The 
measure of similarity between the results taken months apart could help show that 
subjects were choosing colors based on something other than memory.  





instrumental sounds used in Experiments 2 and 3 in order to tamper with timbre directly. 
Keeping the fundamental frequency (pitch heard) constant, systematic reductions of the 
overtones would occur (approximately 25% at a time). The resulting sound would consist 
of the fundamental frequency alone. Five separate sounds would then be played ( 1.100% 
overtones and fundamental, 2. 75% overtones and fundamental, 3. 50% overtones and 
fundamental, 4. 25% overtones and fundamental, 5. fundamental ). As each auditory 
stimulus is played, the same interactive color wheel would be shown to subjects and they 
would be asked to click on the first color the sound they think of. All four of these 
experiments would include two trials, approximately one month apart, to measure 
consistency across same-subjects.   
 A second set of experiments conducted in parallel would apply the use of an EEG 
(electroencephalogram). An electroencephalogram is a tool used to record electrical brain 
activity through the use of electrode placement on the scalp. EEG measures voltage 
fluctuations resulting from neuronal ionic current flows in the brain. Derivatives of these 
measures are evoked potentials which involve averaging the EEG activity time-locked to 
the presentation of a stimulus, in our case, both auditory and visual in nature. 
Event-related potentials refer to averaged EEG responses that are time-locked to more 
complex processing of stimuli, which refers to our experiment. Depending on a subject’s 
correlation based on timbre and color, they would be shown multiple flashes of the same 
color and same tone. Using the P300 method, which is an event-related potential used to 
evoke a certain response with a rapid change in stimuli, one flash would be a different 
color. The inclusion of this “oddball paradigm” could further show a subject’s automatic 





quantitative data based on reaction time will be recorded, so brain wave changes will be 
easily detected.  
 Inclusion of these experiments could further show the effects timbre has on color 
associations in the brain. Also, they could scientifically validate the continued use of the 
metaphor, the “color” of music. Ultimately, further experimentation could lead to our 
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Table 1: Tests of Within-Subjects Effects (Instrumental Category Effect and 
Interaction) 
 




Square F Sig. 
category 3.072 3 1.024 9.738 .000 
3.072 2.489 1.234 9.738 .000 
3.072 2.965 1.036 9.738 .000 




.960 6 .160 1.522 .181 
.960 4.978 .193 1.522 .195 
.960 5.929 .162 1.522 .182 







Table 2: Tests of Between-Subjects Effects (Effect of Experiment) 
 
Source Type III Sum of 
Squares df Mean Square F Sig. 
Intercept 67.463 1 67.463 305.045 .000 
experiment .663 2 .332 1.499 .241 








































Appendix A: Visual Survey 
 
 
Please take a moment and complete this survey. We truly appreciate your time. 
 
 
Gender:    
      




Do you play a musical instrument? 
 
If so, what instrument(s)? 
 
How many years have you been playing? 
 
Would you consider yourself a skilled/proficient musician? 
 
Are you currently, or have you ever been a part of an instrumental ensemble? 
 
If so, what type? 
 





Please identify the category of each instrument below: (Circle one option only) 
       
Woodwind      Woodwind            Woodwind          Woodwind 
Brass           Brass                Brass               Brass 
Strings         Strings               Strings              Strings 








Please identify the name of each instrument below: (Circle one option only) 
 
          
   Cello                Trombone           Marimba               Oboe 
   Guitar               French horn          Timpani               Bassoon 
   Violin               Clarinet             Snare drum             Trombone    




Thank you!  
 
 
 
